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K ~a~ssiptions,. stverml rapid methots be~ve be~n developel *i~ch yield surpris. . -

Ia4,v~ accurate rw'ulta considering tho rm.-ei'tstntles involved. Extensive -- ,

studies bave Utn cirriel ott to ev,.3.uate the errors vhic~b result from each

of tla.,e s1.npllfting a saptions *:4~ to aodifyr these yxocedures so that ttey

vill yield. the aaxiuin feasible accurscy without AnaiulT complicating the

In order to develop ari verity the simplified aetbhAs of analysiss, _.

* ~it ba&ibeen ntes sary to solve 'by the mest accurae.e mewho4s avetlablo a

* * ~.ltiplicity of problems, thus taming a basis for the evaluation of the

various sizmptinei procta.wess .S

The preiou3~ studies of this pce.tct have been concerned primarily

vith the coapilation of 4sta using ac,,urkto analysis procedures on the .M''
5

~..N'

rI3LAC, the Th-Iversity of Illinois autWvtic digital coapyxter. These data

bare been pre wete-d in rcwnerous charts of various forss 1z previous reports ~ .

of this yroýect. SMOs Of these data Umv been replottel In othe:r forms andL

a czwarison stss- Is beio.g con.fruct~c- ta deteraine the optimum FOrm, or **'. .* : --.- :

famrs, for the ;esentatiot of these dsta. -. , .~

Fzt!he st-41-es of the. oflectA of rise ttae of the %rtmvgular for,.*...*

-%,se have beet -=;1e. The,',e stul.** hAve a tiao-toli ob,ýective S~n thkt the ----

ltest joss!ble Aista peent~ation fo-.-s 'Is t~ing soutgbt ^--I 2thod4s of rapiPe- ...

izS the d~elk~i' riae force ;ula# vith &n itntirl pe~k Autt' vhlLh

the eqpaivalennt tc-nt of d.-.wZa &r* %!S.3 bein~g Studied. 5t.*.. ...

Tbe dr~'tec respcniese %.f w..td trutu~res hav, beon stisl1*4

ana l- z-tvults &re gw** In tb.' rejxnt. Those t4aý* am. presented

in eh~s..ts w' ,re. are sbo~vz the rv1ctIibhips vhieb exist .%ong the nwwaroias '\.!*.e*IS%
er.-.neters Involved.

'S * ,1%

*% %5 -

* I .--. q--~- %
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A detailed study of the natural frequencies of nulti-storyj, lti -

bay, frames vu conducted using the ILLIAC to obtain numerical soluti,.-s,
• . • , "• ' . ".% o" -. * K. *. •' % ".". r .

From these data an empirical formula for the calculation of -ttural fro-

quencies has been developed. This study i.e described In the Appenmdx t,

this report. Using either the charts or form]1A given there, the natural , ''... ... ',,-,'

frequency of any of a multitude of multi-story structures aay oe easi .. "
obtained. .

,.-:,,...................................,.....,,.,..',...
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If a structure o subjected to an Impact or a f eore pulse vAich

tosa function of time, It vill respond in various modes or configurations.

These modes may vary not unly for different structures but also for differ-

ent tnes of force palses acting on the same structure. In the simpleast".*... :'-."'. ...

case the structure responds in one mode or predominate1, in one mode so - " -'

that the configuration at any time is defined by the displacement of one ".

Vtn on the structure. This simple structu" lends Itsel to computation , ..
S ..

of response due to dynamic lo3ds quite readily and, thus, bas been uwed for

the eftects-ot-parawter-variat!on studies of this project. Although this

analysis Is exact only for a model having a rigid ass supported by a veight- .- *,' :% ,' .. 4 %. -"'~ .*,. *..• .4.

less spring, It has proven to be quite applicable in the case of me're com-

pliettel structures. This Is due primarily to the fact that all structures S- , .-,0* .,.-... ,...

tend to respond In one mode or configuration., In general t4e accuracy

depends "unon the care taken in cboosiag the parameters for the replacement • , .;-"-.. .-:a:. "- .

systen. This mdel to shovw In FIg. 1 '.%.-'.-.. -

Tr making ouch a replace:e&nt, tht Aerlectiov of the mass is usualy" "

proportionil to the diaplaetment of s=e point on the structure, for exa.pl*

t-,j tn of otil of the coltnns of a o-e-3tory tuilling. The ssor an equ.i- >", .,. * : L ' .% .. '.% €%....%

vatent waa, Is assumed to be coucentrated at this pciat. The dr. naic forces * ... ' .,.;

%hich act on t.is particular point are relAted to the net force on the actual
S.4

structure. The perioA of the single-degree-of-freeton model is relate4 to . ... 4". ....

"the first slope of the replaceoent resistance function and thus may or my .
-4.. 

e 4* 4e•qt•

not be e*u4' to the period of tze actual structure. Abaost any utructurt .- .. .

may be replascI by this aeel; however, the accuracy of sany analysis depends S .

4% %



i4 .. .. ..-.. ...4-. .. .- ---. 4 -.... .... .....-, ,- -----. - "

.44

,.......-'' .'k - -.- * *.9-. . .... r ,-..* . .'> .
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-,t,- 4+,: ." 4,.-.-. 4 9 . 9,4.;*.9,-.. 4,,

S % .. 9o -" 'S°+. .. *. *+ , ". * .+.- 0

The +u~escon'uct• n •h+ prject re pm~r~~y €ocern• sdh , ' ... i,....... . .. , ...... +.,

%. %

on the complexity of the actual structure and the care used in heoosing to,

co rresponding moel pi raeters. h e*o- tt .

"When the -actual structure is Of Me story wA has an esaectiafly

rigid roof maws an lisht coli•ms then this method produces very relthble

results.

The 3tu Ut s clmiuctal 3a this project are primarilny concerned vith

the dyrncnic chiracteristiee of~the model whith,, As stated above, are, to a

large degree,, directly related 1to the general behxvior of actual sitructures.

Ps".x'wtars -~-* ?

, ,.......,,.,~ ~..; .+ 9. • -,•.,:
Tb4 .areaxeter3 conalIered have 'b~een "varied in such a =znoir that,,.,......*7

*vithin practical limits., the responS. of any structurt to any force pa~se

couUl be pre4icted. Exact naly~es of r-rti•ul.ar structures were not con- . .. .

? siderel Mthough proru:;rm; ere 4evelope4 for use on the X!LIAC by UbIch the %' ".'- . ."::+. -*--
rexponae of a structure hv-riv any resistance Awntion subject-A to any load- -.- ._. .-,**'..**; . .

I p • +• ".- . " e " . " .-- 4 .. *eem,

c. ~ing relse can be com~puted. ft~we%-r these sawe programs vere used In the
,nalyse: uf the idealized J:.-sts from htchp the duta pre-e.ted I. the charts 7 .. .

4 ... : . .. *.... ...- ... . ;.,. .. . .
of thih eroject wre obtgieed. •"e gneral type of rentstance used in the ........ ,.'.".,. ..

* *, . ...

repouse ztu4te, i1 . iho'j In Fis. .. , .2m.

Mhe resistance tunctIon usel vaj cocmnoet of a linear portitn for *

dtisll-et.-.ýnij lees than the yie.4 i.LIrl:.ce.-ent rzd t ie-*eoii lItneir pirttn,..

ftr d• t•.m-inti grca•ter then the yi.ld It splacement -., sh m in Fig. 2a. .., . . 4.. + ...-..-

The retictex.ce ft.ctiou ivht:h Aectys t'tyaor. yield Is s=timei called an . .. -

asitatle resiitanco fuzicti-:a since tbi .;traicture v'111 collr3ej Cor WV16
".s ,--. *%'Ca-..Y-.9-S... .•. .-.. .. ; • .'.e 'j 'o Sr V *%V 45,"4 cortrAin cr5.ticil loet. 'a % 6.P. % IN

% , % o_. O.•++'If fe ilijthe lotis grxlu ally %~s~ethe uniaw~irg % %V

v. e. e. e.~

res•.ta.c curve Is a!'--•, to be parl1lel to the irita•l ela3tic portion.

P Z..'*. .4 %

S- -. . . % .-. %
. 9 *• • q4 .- -%q L9 r 9-4r9 * % %

*e% %. -, .%.

'" • 9 ..... o

-. • . ... ... .. .,, ; , .,..% .
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P~ir emZOPl, t~asutr sloadeil %aithk that it reaches a maximm dis-

Placement, of four tines the Yield dispap~cment, andi the load is then:-

decreasel until the deflection Is redtled -ote ieldi displaceuet before

' being inzreased again, tL- resistance of the rkodtl vso.1tibe defined as Ak
sb~mm bY lines one ULxOuWh six of Fig. 2b. The resistance increasies lin- \*

earl7 until Yieldinrg (1); then comtl=ua +,3 Increase vit a s~over rate due

t-- vork h=Areming (2) until the load is reluced. As the IcAt is decreased,, ________

I.the Ar-s:,ture unloals elastically mvil it * -l5. In.the opoiedr

ection. wSegstive Yieldi~ng, as defin:el by (hi),, contiUes =t the reu

tio= in load Is stoppel. If the load is then in.reased p ball'IY, the

resistance function incre.ae3 linearlyr 4Lxsflel to the initial elastic por

tA0Q (5) until It Int*erscts the Ir~it!Ve vork h retaing curm, aloug which .*. .

S., I * 4it co- 4tiiues (6) vith increasing losA. *

The parameter.s used In all. of tbe studiles ?"Te beem rediame to%

l1ztrtsbnle3s form a* tbal. the twril.ation to any speoific prcb"le% may, be

e.mily eUs d.The remenclatnare Is listei aod Aein.im- on rpag 19 of * '.~

thts re~ozt. tS** .. *

Tteo~rr-,e-,---t~e tin.-nion is gtmerilly Wiwine &3 la expcnen-

tsia curv-e vh~ich ecy f?... an initial peak value. The force -&ich such a

7-lse rr:ktces on &a act-,%I structure s-ty Yrary erre.tic.fl~y vilth tize de-

.vt-m;- the saree anA 3trtngth c --~ eristic3 of -the cx etsof the

StA.l'. ~ YCa tr1.3i -:aar fa-:-!t ;P1st V'Is selteteI for the studies

a&IA on thlis ;?ro.¶ct siice It. apVrox!"xt~es -,Ate w~ll the loaiIli. for a .:,,:.

rea' many struct~u.rs &A' is sWO cmz4.-stlveiy easy7 to uae LM so-%24SCS Of -.. .

Fthe- stzrpe re;Iacc.wat 3y**-3 To theze t.-IanuAar f-)rte ;rl1ts hsv, beta

S.0. , * ...
% : *'**'
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:-" I ~added coneentrat -d izpa ses thereby mak ng the studies mor genera . Two," """.ý" : •"' '- -

is shovn in Pig. 3%. The response +A) this type of load function of 3tne-.

- .. -.- , - .- .,.-.. ,. ," • ." -: "%

tures having a, vide vriety of linear resistances has been studed exten-. .

sively on this proect. eld rise triangular fore pulse ether vth.. '.' "..

or vithout tvo equal concentrated tI~lpuSe3 is depicted in rig. 3b. The tvo "'•"

!: '.i,."':" 7 '"a.. . . .
imule -er apild Intal n ttetmo aim us 33o

Force functions taying more shan teb concentrated itmulses oere not con- ... :.. >k.:-/,,.

oiterel even fbounh a study of beeh fuctions wouhd be of coni.erale a- "-:-, -&a& -, a ..

demic Interest* The use of a larger number of implses voud have increse4 ;,I

the emplexity of" data presentation tremendously. ru-therwore, from a prac- , , .,.,.

ticsl point of tev, the vast f a•ority of scstal load fh benons csa be approxee- .*.*...,..... ..

..: .,-. -.• .: •,.> : . . .

or Ato auettely ebu ta use of onil one or tso epicte ioncentrateons Ito.

aditioe tor aptrinitially aor ti atute tffinie ofration.

t, , ..'.a .a . ... . -. ".-..Eqato a- 40tiS

.orcefio euain of riotn for the sntule-4egree-od-freeo system to '
iderei 31en; t•eono, 1w d fch s cties that the buct of the m-ass ofac•

* a.- -, ..*b .. a-

a-,tiwc ioi° occele.rteon t vs.t 5d- eito to tha unblanced forse catb appro.. % ... ,, .... .,.

on the bdq', t.e.l the u.erence ootoeen the loap and reostentee This 1ay %-' **',•a* ...
........................ .• ,....:..*. :..ts io exprssed ion .,........a- (1V.% %

% bere e.u the mis of tie nIs the second dereveo-v of the Ats- -

.. . . . . . . . . . . . . . . . . . . .. •...... ... ,-..,•
.. . . . . . . . . .. . . . . . . . . . .-....-',•..% .," '..%..

pesred:". Vuitb revoect to ttie (atceslerutton), p(x) is the re3tsAct of .

.5'.. . 'a- .o ..-3. -..... . , . .,.the st.--.'itur as ct)-Istion is alvdycequal to the uand Ifecti o .force a . ' ." '"

"os t bc-z, oe of t,-. The s3.la-ec tof' the lat ae eatio tfor .- i• s la () ,

% 
*.4 j jl !uai~na- , *o ", % % %•.% *. 4.,;',"", ". 2X.:':.-.: •., ' .• ''

.4 "." '.. " ' --* • .

• % - . -.... .. '- %

whr Ci h aso h IseD' steseoddrv v fte'4. ~ ~ k~ -

.- , o , ,':'.::-.::'."-:: .. 9: . *:2. :,:.-
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ft~r most of the st*U4es of response cf simple systems to the vari-

OUS fO--Ce PoISe types, tbtheP lt have been presentAed in tte form of cbhrts. ~ *

Ievry ewe the forrts c-f the ebarts vee cbo-jen vblch vml poertary be.,'.-\\.. .

the effects of the psreseters being stultei at that tine. ".=.. various

for--* bave appeared in t1* trvim's reports of tbtis project. these forms

kave been revieive- in an e ttort to find a %ate condensedi, yet no"e usefal ~~

form t? the presenttt~ion of all of the dat.a co~patwe4 durlz~g these re$Ps . .. s .-....

'4 ~~~~~st'.idles. As a resnit -,-le sets or other possible cbirt foras have be 44.~44.

develop*4 C.-r the rFeseentistt of these dat~a. *....-4

Tbe3e aev csirts a.* pre~ented in Pip.* 4 a.- 5. Th re:;istamce

consi~ier-al is eiso~a5ithe secciii sl-; of t.Lh- bil.1newr ?.eo13t%-nee .. ~$

functicm being zero. Th~s w-lel vas sutbject~ed to an init-±a& peak trian.ng-u

lar fVrie -a.lse vith an ± tsiL~i.~est'4y wss coatuat.ed usiza a

terns of t-l yieli zeslist.c, the respotse In t~r-s of yiell dislcee

the Itt !stz o in ter-.z 3: the nstuaral po.-tod or the syst~en, %nt theI

4% %

4- Cte e.3.t Sh.;vZ 4.2 ?'i.s. hw%, b, c, &ai A %re for cc -t-ant 's.1Ues

of~~~ ~ 2,3we I, u ~ xn/4 Z. a O rt spet-rely. ITe peak fzrcin

*eee to-~ttaU:- e~~ is ;1ute!a of t-^ wIse

4,% w. ý.-
* I %



*:..±4.~~~~~ 4 44~~~A., N' 2. . & , \ ~ '.

10 * ~ , 4 4 4
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durtio fo line of contan taase hepesue-u.to fr

value-
4

.4 of4 *44pu4se my4~' be ci e qut cuaeyb lna neplto

* eue imus 41'4.4.'* on-4 a' partcula chrt Ineroato fo Vaue Of

MA ..~ respons betwee thos fo whc chrt ar ,. dIsntst

factry i man cass sice te vaiazins a notliner. Fr a ive

-essure neesar tocuea4ipa

imts 4t du tin4 the, r.4 em4n of 4
~

the Ussteyedwl els4hntecrepnigpesr ede

for p4 = 5.>' and44 wilbegete hn h alefr44 ,bt wtot4c-

p~~~tatt~___ _s ttI M03bet tt t xatvle h ~dlvl o

2~~~~~~~ ~ ~ ~ ~ and. p-.- &Vdferb44344 en rmoei om aes hs

charts ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 oferoe f h mstacuat nduefl ebos fdeicig h

e, and f. in this- seterltoshpbtenpa pesr n a

Forationive f ralnes of constante impsise. The uat.n tepa pressr-uainfr anysure4,

v=u a isiemy be oltotsiuie ccrael by linea!!r interpolatian an tereut baie 3oldb

betreent imptia ez linesr.% o curc cihaurnt. i er lationde 1or values tofth

=%ly~~~~ls "A d-ýe~~ ~ ~ ~s not inll ros!cre ncnu gterpaceetis

factory in many czasles since The tai-Asiors maxre e ei not lied o irentl

4* 4



* -4 -.- 4 . ' .S . .. 7. - . . . .

V- -v -,;z.)>

this factor ma be laptant, since a.,T ffbrea acting after maximum respon•se •:•:

S- -- .. Z: . 4..",

Ii ~ ~has been attained don n~t affect the dmeprsuelevel. :"..• :"' ""

t.he force pulse on t response of a struct.e. In chas .-< A Ti-b the

effects of Ase time are shown. The resistance is elasto-p t a h ". '-, t'"

" force pul~se is shown in Pig. 3b. Tz the final rep~ort for Ju!Y 1954, cha•rts ... •,-',-",".

for the response of a delayed rise trianrLa1a force pulse with two iplses .-.

wer:e shown for specific rise times of 0 and 0.5 times the period. The ... ,...,.-.

chart~s for respoe considering rise ti~es of 1.0, 1.5p ar 2.0 UM3e the ,-.•,..',,•:
pro of the system. .. r e_- i e.4ofa39

pInterpolation betweo stecific rise tines has proven to be unreliale u.sin

S~~~rise time as a principal variable. This was presented in the 1 Jul 1956"% •",,,:' ,

Final Report of this project. The st of rise time versus recponse deser-

Ii
..................................sthiratedt or ma b ieni peakt, prsince &An duresaction ather ai response varied. by

,* 4'

. has buch as 2000 t er cent a t the rise te vrie from ero to a value eual'- . .- '-..

the perioe of the studie syotem. Toe n tse alt o showe thof e sght change-r.s

in ptek fress p oe oui re se ol•f a sh.t--.tes in the response. In order to a-b -he *.:.--'-'

demonstrite cleirly ths3 latter phenime.r'.,: charts for p;eak1 pessiure versus•-
rise time for specific Tlur of resipose xn i a 2t 5, 10, 0) wre'

developed and tbehe rtz-ults are prtsen~te in Figs. 6 "n 7 of this report. N,'•.••.

The mott il=ortant result of the;e stu,•ies, as shown in these -, .%

is alnost Isdepe.ent of rise t_, If the r__e time ir less __ _ one Z.-%

"fothird of the trotal esiseo tion d an If no itr ,ulase orce ¢aLseee then the i%.,.e.,.. .1 .

peak em , preure r t

S= - ' •-:... . e .. . 4o.....
* *'..,, .' . 4.'.." . lb...
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.4 _ __ _ _ _ ,____ ____ . .4 •... .,,ja••.,,,.. -. •% ,.• %,.,.•

-- ''*." •' .- ,, .,4'.,

an veaI7wth riqe twe• If the effects of Immzlses are cot-stdereid,',:,"";:":",- " "":"

.44- .4* .-... .•.'-... , .4....,T . ,

then the s,. j .e Is not valid -.4&jitet *4 C% 7& = 7 in Wdeb tvO.'-: .4 ",

-- '-- V- - - - .. - , g , .- .- -.-" '-.r - -,.
- '.*',..-. ,- . . ..4 . - .-%~ . 4

e•1l irjlses wre eCOsiaeredo These stuLe$ ot• •eI•.2-21 L-*,4. p- lses - • "-""'"" ="".

--thus Acat t t sl t vriations In rise t. or peak Ie ure have a. .. .. . .. , ......

* ~-.4. ,. ... -...* 4 .. .-..-. ,.:,.*. .--. , -.- , *-. .- : .-.-.
-. 7. -

unstable ~ ~ ~ ~ ~ ~ ~ ~ ~ • an mV ........ fmyedt olpefr aito ntepa

.- *.,. ,, ,,,~ . - ; .. - .- • •- .

pressure f tlyr10er iento Zfo th effecti on In rise time fromszerod to 6:--:..: 74

one tie *" natural period.

%,% '. .% % .% %_° * . %.% -

.4"4 ~ *, *44 A4.'._ .' .. o: .- .4 . , . . 4.. - 4',. * . .. .. .,* .' ,•,..... ',,-.••.......

*. ..... ..-•• , *

.4 -. o .4 .-' ..4 .4.. •.-.o '%' .I....:.-. -..'..4. :; ". "....:-.-..-
.. . . . . . . . . . . . . . . . . . . .%'.. -. ...... '.' .% ... •.-

e'•• % , o -. •. %-oo ... 4• .ao • . %*...

* •.4 o. oo o.4 o O o.4. * .44. o . . 4.o0•

- .- . 4..4:...4...4 :.:....-.,... -•.4.4., ,

• , .* .* j, .- . .4 . 4 .4 . ,* . , * . .

S• .4.4 * o°O 4. *% * ° . • ".4 •.4•.
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Gneral .'.-

The response of multi-story buildings to blast-type 1084mg is L S

ve ry ccmiplex sinace the structures do not bebave,, In general, a.s single.."C,

degree-of-f~reedc4 systems. The replacement of such ak structure by a simple

system Is possible but the resulting predictions of damage pressure level

are not as accurate as predictions. for a single-story structure. A more

accurate replacement model for the mailti-story structure has beeA developed .

wAn the response characteristics of this model subjected to dynamuic loads.

are being studied. The objective of these studies Is the development of ________

simple rules end charts for predicting damage pressure levels.

Shear-Bean Replacement System

* ~The initial studies of multi-story structural response were cal-

culated aosizning that the masses were concentrateA at the floor levels. The

structure via thus reduced to an "a*" degree-of-freedom system where "in"

repreacats the number of aitories * Tt-e c(.Iw=~ shears vere-asr=&Ame to be *I

directl~y proportional to the relative displaceaeats between stories. A.U

the columnn in a given story vere a!ss=n.! to yield at the same relative L

displacemsent and thus thoi resistanxic of ell the ce'lltm" In a given atory

wus replaced by a singzle ahexr rr.1g bTis asaicies that the girlers io*zd ***..*

f'lcor together are Inat~tely stiff. Using this 4na3.ogy, a code was pm-

Che.rs for the reispoae of a three-story buiL!±ng subjected to .> .

InitIally pe'ikel triarngular force yulses were pre;are-i 634I these results ...

*-** % 00*
N.%

L%
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S verO Presented in the 1 Jul 1955 final report. These analyss wers maenl :.,,'•., :- ..-. :.:..

A study of the effect of flexible girders on the responsa con-.." ' " -""""" "" "

figurations of a matt-sto~ry struceture subjected to initially peaked t.-"--•.-.'.. ...--.....

4'% -

- 'e4 ." i ! i •4I * I •

angular force pulses has been conducted .the preliminry results of-"

this study are presentedt In this report;.

Replateement System for Multi-Story Building with Flexible Girders '""":•' ';"-"" •" -

The replacement system shown in Fig. 8 va used for the salyr-lI '- ", ". "-'s, - ..-

o "4*4.
4

.o,. -o.s .* .4' *44 o• •

joint-rotation and p)¶tie hinges are accounte7 for in the analysis. -, .

R&s3es axle concentrated at the floor levels. No consideration vas given ..-....- ,....,¢'.,,

to the effect on lateral deflections of axial changes n lo lngth of tih..,-e -. '.'• .,,•..''-.

=it account to be taken of the columan manti girder m,,,=ent ehan~es whieh result ,.•.-...-, .-. '

"4 *-' • " '. ,%",," 7 - .'. .. ,

frow the chntes in dead 1 o15 eccentricity during the reseonse of the atrue-

tue these effe,-s vere also negleced,.';- •'"""""- •":"•"-:

The joints of tIL, frw,3 ame allowed to rotate by me~an of a maenat

"" •tnditribution prociiure, Raeh z-.mber of the be-it 1s 49satmed to deform eIan- "'''.••.i.'''"''";.•.:

.tical.. until thw m-ment at one or both ends exceeds the yield ment. When.

r' the yield =.et is reawd, a constant mome n t hinge i conuilere. to have-,

Sfor---I at that e-i4 of thle mexber. Gis hin-,c r4atn3 as long as the elati....

4.• .4.1. 4 " o" 4 . . .: • % . % .

"r A a.!om ot t teee en of the xibleber ir.crase. When the directtona of relative. , .%................

,iurotations t the enuisto reverued thure t be hinge Is reivet and peaklete u- Z..... .. .,%%,,

tic loatrnulty ie resthrab except that a kink tue to the prevlous plofti c

Aq_ % . • _

.. . . . . . . . . . . . . . . . . . ....-.=-. .-.-... % •,."..- .-.-
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S~~~~action rtema~ns at th-. point of then hinge. The method of analysis was des. ':"".--.-:.".::

Se~~~~~ribed In t•he Interim Report I January 395!f of the p~roject and, is similar "- "- *-,:

SI" ~~~to the procedure used for single-degree-of-freedom systems. "''"- -• , -- ,'

• ~~~Paraeteers ¢- : ,"".*- . : .

The-.applied forct- was an initially peaked triangular force 'Pl~se"."'"*/",.--"-"

as sho'wn in Fig. 8 which was assumed to act uniformly over the structure., .,:......,,,.

,'.4.- ."4"" ."". ".4

For simplicity of anats3 this *nform load as replace by equivalent"".. ..

,,,- .° e . • 0

concentrated• load at the floor levels. The load concentration for the top ..... ..

story vu only half a3 large as those which were assued to act at each of ""-"" "'""" '

the other floors. The duration of each of these concentrated force pulses """"-." "."':

-~. . ' "* ° 4.

wu.. -. -- , th sam as to
used I the shear-e reponse tudies....... ..

!• * %%,,%. *.4 *.4 .*,. • ,%

The i olumans of the frpo et of e hrhosen TUch that their a oablned %s. ..

stiffness tasswqin no end rotation) would agree exactly with the stiffness[ I cused In the sheer-beam study. Th1 J tuffrey es of the several storLes i ere.,

fro top he pr toe ,r u 1sd for, ain-deZree-ofspreedoh, sys~tems. ly ________is

clearly a 1-3-5 eeiatron. Since the grer were fleible, the actual"- " "'

stiffTess a aany p tory -rc asan' not only on the roaur a stifoneuse but alsoe

on girder stifi esses uhc the dtsulacedents of the other tsoor t. Girdere

otiff pieises of 2 anl 10 this the fir story a olum stffes rere ,,lac- %by.

ctuoetr; althoughs for each ftructuree as 1 grdero cere on lentrcat . Siote top. .....n....

in theze otunley none of the girders ytelcledre the tnvo. actatio veas cof- -O: . "

S~~~~tinueA using wore flexible giniers. Tnese l~urth-r studiec are not yet c=n , , .,,0..•'t

plate. • "••"."-..'

The fuoorestal perions of the roplacteent cyetrae for relative •-. , . -"

1 . • ,. o-. .4 * ,4 . ..4 ..

* .4 .. 4 M . 4 ...-. 4.. , '

gide sThfe olums of t2e 4, A. 10 were f~ound iui hto their c.1,1.0 ined 0.97
stiffness~~~~~~~~~~~~~~~~~ %asmn oedrtto)iol ge xcl ihtesifes Y N ~ ½~

used~~~~~~~~~~~~~~~~~ inteerba td.Tesife~ao h eea tre ee
% 4'. 0
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*" . ... . .* - .. ,; - .. M 4.• , . . 4 .44 -

'• •

see. respectively. Fr the shear beam,, i.e.,, infinite Shirder stiffness, • .

the period was, 0.93i4 see. These periods vere calculated using a =a3& of ..

stutr--t no ,ae2e ail *restu trsvt feil ... ..... .... ... . 4...- .

880* -. 4- 44 lb sec 2in each for the lover tvo stories and a masa of 141Q lb se Ano*

for the top story. To obtain these ma onses, a typical structure vas actually . . '"..

designed and its masses vere ciwpputed. . %J 'K'.' 1.

sure aIs expressedfine kisyi the relative responzeet of oea story, ex- -. ,,%.. A:%,. .:• , , ,.•.,,•

' ° +'o +.•*,•* t* . 4-, 444 .444 4% *I -,
•,"••* 4.. - .9 4 • ,- ,,.9 4 ,q, * 4••.-pess ert of thi e tudo are sbovs in ig ice hb, frtet theacharti %

,. . + •+ . . ° . +. . *.° ,, +. i .

red plete af te pretssue dereud rlatie renspguronse•. the prts- t..,r ,.,.. ,

sure isd expressedfine bysit the relative ripaeespnt of oea story* oxIn '.***. . ~.,...

die•placements for the xwller force pl•se values are shova on an enlarged ":"""' """"" "•"..

pssle in LInce to the regular scale. The displocne ent rsus peak force .

4- . . .. .* '..' • , .... - .. ,- .. ,

is plotted fob constant values oe girdel orthesr cres, ih 10 anf x times.O

""th) rstiefbes oe the momen colden. The colfe duration Is constant for eachst,..,,.- ,.,•"- " .,.,.,

chare these dnoatdion bya 0.th 0rt, 1e0, 3.0 -sec. of o sftote for Fi. *N.., **.*".

9s,~~~~~~~ thag e epetv-y

genralsyel cartteens dzof the quie learsi the relative. unirderstudies '.4..4

*,49 • , ..... SI .
• n,.,+,e ch•, ,•,+ ~~~~~444~4....+,•.,, t •, • , v c.''-' ':..:' ..-...-."""=.:." .'.:'.-'.:'i..

of girder lexibilitte.u ot the resfonr e op the structures oir the ran ofge , " "'.".

'., ..'...:- *.,. .. *.+,, .'.-. -. '' S + .=
S . + ,. . *, * •, , e* *..'.

praze iters ,dhion tu the c-larts. sc•e-hed"p% .etve•s•ee-ore'- .- .%

0 0 ., .e

4• . . . 4. . . . ... .9_ 4.

•. ,-• .* .%.+o*. '% *. • -* .
; .4 %,** 4,o- %'%. *. % )% -,!+%* 4°%.-,~

S*}o * '2
+• •...• II .. -- "+ +•+ •"I \+• i+ +I' ". 4.r

*' 9atr g 9,repcti'uy + -* **** ..

.. . . .. . . . .. . . . .. . . .. . . ... . . .

Thes chrts eontrae sute lealy te rlatie impotaac Li *%
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The natz-*I peio of a sige'~eeo-teb syte ox- th n

• •'• i~~~~priods of a witi-degree-of-freedcm ayst "% are important in tbe stud of '• '•- ."."•

dy namic re spi~ se sin ce the dur at ion o e" the f orcee plsl e s IF.tin g o n a structure : -.-. . .,. . .:•

the.-natura period or its reciprocal, the frequeny# for a sile-deree-of- . . '.

freed4m system is str-t~tforward bt the calculon of 4.quencies

usually solved by a numerical trial and error process. The prz~blem is fur-

ther complicatel vhen flexible girders, a"e considered.

A codle for calIculation of natural frequencies has been devel.oped for e_ ., •-

Q',.., ~ ~~~use on the MUA en• a stuly of the frequencies of muli-story frames Vas•".. .% •' -%Z

[•"• ~ ~~~~conlucted. This I•tuly anl the res.ults obtadned therein a ne presented in the ,''..•- . "- -- • ,. •',.- -.0'."-.

p. .

Apendtx to this report. . .

• tti! qlt j l Ii, % 0 1l t I l

:,-.LO .. \ .. * *. - .4 ", 4 .. .

• ., ,0, ft % ,.k

freedcusystemis stra~htforar• b,.t,,.c,.,ulaton o, fo\.,nesfo,
• ti,-r'ser-ea tr.tr iv.vs neievlu ,o:Lm ihs.**.•,•.•%

usullyso~d y anisercaltril nd rro prces. he r~lemis " .4. **.* " .'.

thr c.pict" he leibegldear cniuerd

., .-,. .*..%o w

* .... .*. %, -, .-, \ ,, . a.

S. . .. .... . ... ') ..- .
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Peak Pressure of Delayed Rise Triangular Force Puse for Given

Maxirum Response . ,

6a 0 0 10

6&0 0 30
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for Given Ms•a1iw Response .... '.
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linear variations In column stiffness#n ere N Is the i iber of stories .a

k is defined as that ratio of ()for the lower column to If=r the top

column., where E, I, ant L ame respectively the modul~us of elasticity of the .~"

column saterial, the moent or inertia of the eolium .sectIon In a given'=

story., and the length of the eol=ss per story. *'

The effect of 41fferea~t wei distributions vas not consideredi. For

all structureS tUied, the distributd column and cirer zasses -ere c......on-en-

trated as point 23e3e at the juctue of te col s am. the girders. M.. . .

] o" ." ".° °. ° .,,.9',,

* ~total mass at each floor leyel was eonsidered to be the sawe in ea~h story. **.'

The effect of rotation of colu~n basea lras not 3tkiijed. All struc- .. ~.

* . . . '9. .9. ::.

%"!

* ~tures studied vert c. sidered to have fixed cob'nan bases.
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'HMOD OF AMALYSIS .. .. ' -

The simplifications and assumptions used In this analysis are as

*, '..•.I"... •. '..''',.,.

I. T.-h mass of the structure Is concentrated a' a series of point _".-,

asses at the Intersections of the girders and colusno"

2. Anl joints ame continbou~i except uiben apecified as pinned.

3- Deflctlon are =al. azv1 In one plane OUU.. ".'." ":" • .. "

"". L wne•."rs are linearly elasvic. : ", ".

5.Al- ze~bers deform ty ber~&Lng onl3y, the effect of axial defor-

netion bein~g neglected. .A*

6. 4Ue effect of vertical loads on the woents in the columns Is ~ ~. .- , .,.-,.'.*... - .

"c"a.-i.ler a stwtarel ft.= .&t~Ih Waa ben ileali•d as described .,> l .. ,.,, , .

in the r-t.ei•r-S set.•ton, =1 Is vibrttttin in a nat•r•t -4e of vibration :'

.Ch t-.at:

y3 a J'.-. ',),( 1 .. 1I () ~"..: -;-'.,..* -a.

S.•ter- .y is thea 0L.t, 1 the 3 ator"- A is the ami-,.tu.e of .ibr. ..

***? * -.
a. t.~~ .~f the zt ry, is the nstw.al c Ire~ul,. pr ency in r i~ans y-!r I.. V .'

"cit is the ti--e I-% sec,:-a3, I is a phase an.1ep uAz N is the 'unber

*~~-, ... S)* *

... *. %..1-1-~he etir.4 :!ý n of otio . fý, thes syjte±e ar.. .&-A..'•'-
. % .... * .* a.- -

N. .% % 1% % %.. .

I-.a ., ., ,* *4%

:% ..- ,,,..

.3 @. -.

the~ ai ts txy e'el ~~sttutn () ii(2 yes:,' ~.'..,.",,.,
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Before tb--- Iaations can'be solved, the shearing forces stbe exjwea- .......... ,. ,• . - l

Iye Vf V r th.d given structure to be deflected so that there .'...

th
is a unit translation of one of the stories, say the story, vith zcro

translation of oil other stories, then the holing force at any story* Si,#

is the negative of the total shear acting on the mass of the i t) story due.*..,J .. ,~

th~~ the..
4444to a unit transla.tioin of the story. For any translation yý of the 4

.story, the shearitng force roduce is -5 yj. This app es for at- combin- tc-" ...... .. " " " •

tion of I and J, giving the total shoar at any story for a given deflection , :-
4,: ' " . . . . ." "4 "coniguration as:

. ,,., * 4,, ,. , , . , ' *. , ,, .,.4 .... ;

Substitution of (1) into (i4) yields: ,4 "

S, (sA SA + S( 2A_+____sin_(Wt, +_
,- lJ.GC3iU I ".4.4:.•:.4 ' :'.' :.::..'...:;•:. :•L

S The equltions of noti r ian now be written;

1 .~Ap ,JW2 s',W (wt + ) + (S~li• + l + 3 .. .s3r, i •n (Wt + )•, :.-.-:-.. ... . . . . . . .' . .-:"'," " '' "",...,.*2A + 4 4 4 .

(, 1,.2 ......)

.:: j-Am ( 31 ,, 3,, 2 , 4.,,4 , 4 . , 4 .'4 ' ....... ,_......4

-( (* 1,2•... nj) (6r) 0 0 9" _"Dividing v).t Ghu (et uton '6..., ... .. • ... , .. ,. .

4,.:: 'A's:'" -s A , 1 -. - . '

""i j a.% "* .',, ,, . .. . ** ". " ".

*This LA. of eqv~Ltions in the N unknown Al~, A2, %. iihv ouin 44 ~ ~4~4

for the determiruant of the erpuations act ejua1 to zero. The ý-:Aues of "n '

"-.,, , sailo.'yln• ?•this detonlrnntal equation are the circular natural fre•e uencie. .-

,'• .,' ,. ,",% .. , ,, % ,.% - ". %. %-
4444 4 %4 V %.. 4%-0"44 -.•? ;.'.¶ .. - -, ,-* . ' ° ,, ,, . .

"4 ,' -Q- "NO W' " *".',

444.... 
,.% ,,..... -..... ,,.. % % 4 . .%.. . ... 4. "

_______"______- -.--- ,-- *,, .*, *.- -44 . .4 ,4* ,.,,,•, 4 .. ,* , -%.~. 
.
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"n matrix notation, this corresponds to the solution of the eqm-

vbere [S] is the s8yetrical N x 9 matrix of the holding forces S e [and

Is the diadonal matrix of the masses. mj* The matrix (8] has been 0alll . : . 44 ,..

7' '4 the "stiffness matrix" of the structure. ,o.ution"onthe.ILIA..the-di it.

This problem vas programed for solution on the ILT1TACO the digital•

omputer of the University of Illinois. An the results reported In this :.

4.,*4*,4-

* . ~ppedi vere obtained with this progire. 4'44.*%

". .. .. ... .. ... .. ... .. ... .. ."•.. ;,,..T'., ,

-4% *.% 4% 4 . b 4

". ......................•....•...'.:•..•

It

1 *,'. . *'. .% 
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_044. .
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The results or this study are summarized in Figs, Alo, Ah2 A3 and,

Ah. In these grlaohs the variation of the rel ative ntioral frequen cy., Ce s
versus the effective girder otitfib parameter, y, has byeen plotted. The -

parameters C 7 are deine as: ......

fl)-

(Z) L +l I M
C ')EI t xL2 41

where E, I, and L are respe•- -tvey the moder os of elasticity of the column, , .

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......* n -...... -......

E I andL *Are rslt' s e ther 7 • .o.*.*.. t..* e............. I.. ; 5 . .5* •~ ," ,..S /•, .. ,-

The param•eter C1 vas chosen becatse it •erves to reduce t~he vaxria- r'': *•" ••-';-... . . .. . . . . . . . . . . . . . . . . . .

9 91 1

tion in the tirst na t•,r-• fre.uency of any structutre to the ssie scale, that .. .. -

is, to a vari-ition bet.-re zero and one. The eipiricr] factors - and % ..
,M; .. .,.

hftA been ua,-, in d-eftn1'xg the girder stiffness •wmqter becau.,e they " *
5

-*S. S . :

accurately deflue the eff-cit of additional stories ,'r.d/or bay3 on the nittural ,__._O .......

frequenciees ft ccprxe4 to ai aingle-tory, utngle-hbiy structure. -"" "" "

-Fiure Al dhavs C eerous 7 for vrrirua nin'l,-bay,, unieorA column %

."trcture s. .(hsvJ 1 ver0,us 7 1r vCrt s Itngoe-bey linearly .'. "..-'" . . '..""-.

A -

* 1 ,- -- - ----- -" 0- A--

S'. ' ..
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varying Coll=n 3tmtAues (s. 1.0); rig. A3 shovs C1 vw=3 7 for vaious

tvo-bqy str~tures, soc 'with a.0 &-A sme vith sm 1,41; Pig. Aasbcmm~ *I

I. ersu3 7 for various tbree-ba)V structures, acme vith s 0 and scace 'with.

3a 1.0. All of these curves have bteen appmxz!mated y t!:e cttrve of vex'-

alaS 7 for' a one-bay, '-*4,A ory structure. Tre ecDation tv this curve is -:

dierived as foflolvs: For' the onze-story, one-bay struece

IVnsne ii 2 in this case, 'we nAy urite: .. *-

*From '%,his it folleds (since 1i 1 ) tL~t

1~ 1 Kl5 7
10.0
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